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1. Introduction
The role of tensor multiplets in supergravity has seen in the last years a revived interest,
in connection with the study of flux compactifications in superstring or M-theory.
Two-index antisymmetric tensors are 2-form gauge fields whose field-strengths are
invariant under the (tensor)-gauge transformation B → B + dΛ, Λ being any 1-form. A
physical pattern to introduce massive tensor fields is the anti-Higgs mechanism, where the
dynamics allows the tensor to take a mass by a suitable coupling to some vector field. The
mass term plays the role of magnetic charge in the theory. The investigation of the role of
massive tensor fields was particularly fruitful for the N = 2 theory in 4 dimensions, where
the study of the coupling of tensor-scalar multiplets (obtained by Hodge-dualizing scalars
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covered by derivatives in the hypermultiplet sector) to N = 2 supergravity was considered,
both as a CY compactification [1] and at a purely four dimensional supergravity level [2, 3].
When this model was extended, in [4, 5, 6], to include the coupling to gauge multiplets,
it allowed to construct new gaugings containing also magnetic charges, and to find the
electric/magnetic duality completion of the N = 2 scalar potential.
However, a general formulation of N = 2, D = 4 supergravity coupled to tensor-
vector multiplets (obtained by Hodge-dualizing scalars in the vector multiplet sector) is
still missing, even if important steps in that direction appeared quite recently [7, 8]. On
the other hand, the situation appears more promising in five dimensional supergravity.
There, 2-index antisymmetric tensors appear in the gauge sector, since the field-strengths
of massless two-index tensors are Hodge-dual to vector field-strengths, and they naturally
appear in the compactification of higher dimensional theories 1. Various approaches to
construct a general coupling to tensor multiplets in the N = 2 theory have been given
[12, 13, 14, 15, 16, 17, 18, 19, 8]. Towards a general understanding of the four dimensional
case, we adopted the strategy of first looking at the five dimensional theory in a framework
as general as possible. In particular, an ingredient generally used for the construction of the
couplings is the “self-duality in odd dimensions” [20] that allows to work with massive, self-
dual tensors from the very beginning. However, in this way much of the algebraic structure
underlying the theory is not manifest. To find the most general theory in five dimensions in
a way which can give insight into the algebraic structure also for the four dimensional case,
we found useful to examine first at the bosonic level and in full generality the algebraic
structure which any theory coupled to tensors and gauge vectors is based on. This requires
the extension of the notion of gauge algebra to that of free differential algebra (FDA in
the following) that naturally accomodates in a general algebraic structure the presence of
p-forms (p > 1). We have then devoted the first part of the paper, section 2, to the study
of the gauge properties of a general FDA involving gauge vectors (1-forms) and two-index
antisymmetric tensors (2-forms). The discussion will be completely general, and will not
rely on the dimensions of space-time (apart from the obvious request D ≥ 4, in order to
have dynamical 2-forms) nor on supersymmetry. Our procedure allows the FDA structure
to be further generalized, for D ≥ 5, by including also couplings to higher order forms, as
is the case, in general, for flux compactifications. This is left to a future investigation.
When applying our results to the case of D = 5, N = 2 supergravity, in section 3,
we find some possible generalizations with respect to the current literature in the subject
[12, 13, 14, 15, 16, 17, 18, 19, 8]. Besides the fact, already pointed out in [19] and [21], that it
is possible to include in the 3-form field-strength a coupling of the type dΛΣMF
Λ∧AΣ (where
Λ enumerates gauge fields andM tensor fields), we find that the mass matrix for the tensor
fields, which in five dimensional supergravity has to be antisymmetric (mMN = −mNM), is
however not necessarily proportional to the symplectic metric ΩMN =
(
0 1
−1 0
)
, which
is the case to which the literature on the subject usually refers to. On the contrary, any
general antisymmetric matrix may be considered. This may be understood, for example,
1For example, the N = 8 gauged theory requires that a subset of the gauge vectors be dualized to tensors
[9, 10, 11].
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by looking at the D = 5 N = 2 theory obtained by Scherk–Schwarz dimensional reduction
from six dimensions [22]. In this case, indeed, the tensor mass-matrix is the Scherk–Schwarz
phase and has in general different eigenvalues. Therefore for a general five dimensional
N = 2 theory the generators of the gauge algebra are not necessarily in a symplectic
representation, and constraints from supersymmetry give milder constraints on the gauging
than the ones usually considered. As a consequence of these generalizations, the scalar
potential of the theory has some differences with respect to the previous investigations.
The FDA approach allows to interpret the resulting structure in a general group-
theoretical way which is not evident with other approaches. Our starting point is a general
gauge algebra, which is represented via generators with indices in the adjoint representation
of the gauge group. The building blocks of the FDA are then p-form potentials (with, for
our case, p = 1,2, that is A = Aµdx
µ and B = Bµνdx
µ∧dxν) and their field-strengths. Let
us emphasize that in this way the fields are subject to gauge constraints, and are therefore
massless. The mechanism for which the 2-forms become massive is left to the dynamics of
the Lagrangian (or alternatively, in the supersymmetric case, also of the supersymmetric
Bianchi identities). At the bosonic level, this is implemented via the anti-Higgs mechanism,
that is by fixing the gauge invariance of the system (A,B):{
δB = dΛ
δA = dΘ−mΛ , (1.1)
with field-strengths {
H = dB
F = dA+mB
, (1.2)
via the tensor-gauge fixing Λ¯ = 1
m
A.
Since our analysis does not rely on the space-time dimension, we expect to retrieve in
particular, with our approach, also the results already known for the D = 5, N = 2 theory.
However, there is a subtle point here, because it appears not evident how to reconcile
the anti-Higgs mechanism with the fact that supersymmetry constrains massive tensors in
D = 5 supergravity to obey the self-duality condition:
m∂[µBνρ] ∝ ǫµνρσλBσλ , µ, ν, · · · = 0, 1, . . . , 4. (1.3)
The way out from this puzzle may be found by looking again at the subclass of mod-
els obtained by Scherk–Schwarz dimensional reduction from six dimensions. Indeed, the
six-dimensional Lorentz algebra admits as irreducible representations self-dual tensors, sat-
isfying
∂[µˆBνˆρˆ]M =
1
6
ǫ
µˆνˆρˆσˆλˆτˆ
∂σˆBλˆτˆM , µˆ, νˆ, · · · = 0, 1, . . . , 5. (1.4)
Since N = 2 matter-coupled supergravity in six dimensions contains one antiself-dual and
nT self-dual tensors in the vector representation of SO(1, nT ), one can use the SO(nT ) ⊂
SO(1, nT ) global symmetry of the model to dimensionally reduce the theory on a circle
down to five dimensions a` la Scherk–Schwarz [22], with S-S phase mMN = −mNM ∈
– 3 –
SO(nT ):
BµˆνˆM (x, y5) =
(
exp[my5]
) N
M
∑
n
B
(n)
µˆνˆN (x) exp
[
in
2πR
y5
]
. (1.5)
Applying (1.5) to the self-duality relation (1.4), we find
∂[µBνρ]M =
1
6
ǫµνρσλ5
(
mM
NBσλN + 2F
λσ
N
)
, µ = 0, 1, . . . , 4 (1.6)
where FλσN ≡ ∂[σBλ]5N . Eq. (1.6) expresses the self-duality obeyed by the tensors in five
dimensional supergravity. However, it also shows that the field-strengths of the vectors
Bµ5N , that give mass to the tensors BµνM via the anti-Higgs mechanism, are in fact
the Hodge-dual of the tensors BµνM themselves. From our analysis applied to N = 2
supergravity in five dimensions, we find this to be a general fact, not necessarily related
to theories admitting a six dimensional uplift: in each case, the massive tensor fields
belong to short representations of supersymmetry, and the dynamical interpretation of the
mechanism giving mass to the tensors requires the coupling of the massless tensors to gauge
vectors which are the Hodge-dual of the tensors themselves.
The paper is organized as follows: In section 2 we study the general FDA describing the
coupling of two-index antisymmetric tensor fields to non-abelian gauge vectors and show
in detail, for the general case, how the anti-Higgs mechanism takes place. In section 3, we
apply the formalism to the case of N = 2 five dimensional supergravity, using the geometric
approach to find the Lagrangian, supersymmetry transformations rules and constraints on
the scalar geometry and gauging. Our results are summarized in the concluding section,
while we left to the appendices some technical details and the comparison of our notations
with the ones of [13] and of [18].
2. A general bosonic theory with massive tensors and non-abelian vectors
In this section we are going to study the gauge structure of a general theory with two-
index antisymmetric tensor fields coupled to gauge vectors. The discussion here will be
general, with no need to make reference to any particular dimension of space-time nor to
any possible supersymmetric extension of the model. Later, in section 3, we will consider
the supersymmetrization of the model, specifying the discussion to the case of N = 2 five
dimensional supergravity coupled to vector, tensor and hyper multiplets. The correspond-
ing four dimensional case of N = 2 supergravity coupled to vector-tensor multiplets is
under investigation, and is left to a future publication.
2.1 FDA and the anti-Higgs mechanism
2.1.1 Abelian case
The simplest case of a FDA including 1-form and 2-form potentials 2 is described by a
set of abelian gauge vectors AM and of massless tensor two-forms BM (M = 1, . . . nT .)
20-forms will also be included in section 3, when considering a supersymmetric version of the theory
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interacting by a coupling mMN . The field-strengths are:{
FM = dAM +mMNBN
HM = dBM
(2.1)
and are invariant under the gauge transformations:{
δAM = dΘM −mMNΛN
δBM = dΛM
(2.2)
with ΘM parameters of infinitesimal U(1) gauge transformations and ΛM one-form param-
eters of infinitesimal tensor-gauge transformations of the two-forms BM . In this case the
system undergoes the anti-Higgs mechanism, and it is possible to fix the tensor-gauge so
that: {
AM → A′M = −mMN Λ¯N
BM → B′M = BM + dΛ¯M ;
(2.3)
In this way the gauge vectors AM disappear from the spectrum providing the degrees of
freedom necessary for the tensors to acquire a mass, since:{
F ′M = mMNBN
H ′M = dBM .
(2.4)
2.1.2 Coupling to a non-abelian algebra
The model outlined above may be generalized by including the coupling of this system to
nV gauge vectors A
Λ (Λ = 1, . . . nV ), with gauge algebra G0 (not necessarily semisimple),
if the index M of the tensors BM and of the abelian vectors A
M runs over a representation
of G0. In this case the FDA becomes
3:

FΛ = dAΛ + 12fΣΓ
ΛAΣ ∧AΓ
FM = dAM − TΛNMAΛ ∧AN +mMNBN
≡ DAM +mMNBN
HM = dBM + TΛM
NAΛ ∧BN + dΛNMFΛ ∧AN
≡ DBM + dΛNMFΛ ∧AN
(2.5)
Here fΣΓ
Λ are the structure constants of the gauge algebra G0 and TΛM
N , dΛMN suitable
couplings. The closure of the FDA (d2AΛ = d2AM = d2BM = 0) gives the following
constraints:
f[ΛΣ
∆fΓ]∆
Ω = 0 (2.6)
T[Λ|MPTΣ]PN =
1
2
fΛΣ
ΓTΓM
N (2.7)
TΛM
N = −dΛMPmNP = dΛPMmPN (2.8)
TΛN
MmNP = −TΛNPmMN (2.9)
TΣM
NdΓPN + TΣP
NdΓNM − fΣΓΛdΛPMQ = 0. (2.10)
3We will generally assume, here and in the following, that the tensor mass-matrix mMN is invertible.
In case it has some 0-eigenvalues, we will restrict to the submatrix with non-vanishing rank. This is not a
restrictive assumption, because any tensor corresponding to a zero-eigenvalue of m may be dualized to a
gauge vector and so included in the set of {AΛ}.
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Eq.s (2.6), (2.7) show in particular that the structure constants fΛΣ
Γ do indeed close the
algebra G0 and that TΛM
N are generators of G0 in the representation spanned by the
tensor fields. Eq.s (2.8) and (2.9) imply:
mMN = ∓mNM
dΛMN = ±dΛNM , (2.11)
and (2.10) is a consistency condition that, when multiplied by mPQ, is equivalent to (2.7)
(upon use of (2.9)).
When (2.6) - (2.10) are satisfied, the Bianchi identities read:

dFΛ + fΣΓ
ΛAΣ ∧ FΓ = 0
dFM − TΛNMAΛ ∧ FN = mMNHN
dHM + TΛM
NAΛ ∧HN = dΛMNFN ∧ FΛ.
(2.12)
To see how the anti-Higgs mechanism works in this more general case, let us give the gauge
and tensor-gauge transformations of the fields (including the non-abelian transformations
belonging to G0, with parameter ǫ
Λ). They become:

δAΛ = dǫΛ + fΣΓ
ΛAΣǫΓ ≡ DǫΛ
δAM = dΘM − TΛNMAΛΘN + TΛNMANǫΛ −mMNΛN
≡ DΘM + TΛNMANǫΛ −mMNΛN
δBM = dΛM + TΛM
NAΛ ∧ ΛN − dΛMNFΛΘN − TΛMNBNǫΛ
≡ DΛM − dΛMNAΛ ∧ dΘN − TΛMNBNǫΛ,
(2.13)
with: 

δFΛ = fΣΓ
ΛFΣǫΓ
δFM = TΛN
MFN ǫΛ
δHM = −TΛMNHNǫΛ.
(2.14)
Fixing the gauge of the tensor-gauge transformation as:

AΛ → A′Λ = AΛ
AM → A′M = −mMN Λ¯N
BM → B′M = BM +DΛ¯M ,
(2.15)
we find: 

F ′Λ = FΛ
F ′M = mMNBN
H ′M = DBM
(2.16)
When the tensor-gauge is fixed as in (2.15),(2.16), the vectors AM disappear from the
spectrum while the tensors BM acquire a mass. As anticipated in the introduction, this
is in particular the starting point of the formulation adopted in the literature to describe
D = 5, N = 2 supergravity coupled to massive tensor multiplets [17, 18, 19].
However, let us observe that in this more general case the abelian gauge vectors AM ,
providing the degrees of freedom needed to give a mass to the tensors via the anti-Higgs
– 6 –
mechanism, are charged under the gauge algebra G0. It is not possible to make the gauge
transformation of the vectors AM compatible with that of the AΛ unless all together the
vectors {AΛ, AM} ≡ AI˜ form the co-adjoint representation of some larger non semisimple
gauge algebra G ⊃ G0.
The relations so far obtained may then be written with the collective index I˜ = (Λ,M),
in terms of structure constants fJ˜K˜
I˜ restricted to the following non vanishing entries:
fJ˜K˜
I˜ = (fΛΣ
Γ, fΛM
N = −TΛMN ) , (2.17)
and of the couplings:
mI˜M ≡ δI˜NmNM , dI˜ J˜M ≡ δΛI˜ δNJ˜ dΛNM . (2.18)
In terms of the tilded quantities the FDA (2.5) reads:{
F I˜ ≡ dAI˜ + 12fJ˜K˜ I˜AJ˜ ∧AK˜ +mI˜MBM
HM ≡ dBM + TI˜MNAI˜BN + dI˜ J˜MF I˜ ∧AJ˜
(2.19)
with Bianchi identities:{
dF I˜ +
(
fJ˜K˜
I˜ +mI˜MdK˜J˜M
)
AJ˜F K˜ = mI˜MHM
dHM +
(
TI˜M
N +mJ˜NdJ˜ I˜M
)
AI˜HN = dI˜ J˜MF
I˜F J˜
, (2.20)
provided the following relations, equivalent to (2.6) - (2.10), hold:
f[I˜J˜
L˜fK˜]L˜
M˜ = 0[
TI˜ , TJ˜
]
= fI˜J˜
K˜TK˜
TI˜M
(NmI˜|P ) = 0
mI˜NT
J˜N
M = f
J˜K˜
I˜mK˜M
TI˜M
N = dI˜ J˜Mm
J˜N
T[I˜|M
NdK˜|J˜]N − (f[I˜|K˜ L˜ +mL˜NdK˜[I˜N )dL˜|J˜]M − 12fI˜ J˜ L˜dK˜L˜M = 0.
(2.21)
Subject to the constraints (2.21), the system is covariant under the gauge transforma-
tions: {
δAI˜ = dǫI˜ + fJ˜K˜
I˜AJ˜ǫK˜ −mI˜MΛM
δBM = dΛM + TI˜M
NAI˜ΛN − dI˜ J˜MF I˜ǫJ˜ − TI˜MNǫI˜BN
(2.22)
implying the gauge transformation of the field strengths:{
δF I˜ = −
(
fJ˜K˜
I˜ +mI˜MdK˜J˜M
)
ǫJ˜F K˜
δHM = −
(
TI˜M
N +mJ˜NdJ˜ I˜M
)
ǫI˜HN
(2.23)
2.1.3 A general FDA
We now observe that the restrictions on the couplings (2.17) and (2.18) have been set
to exactly reproduce eqs. (2.5) while exhibiting the fact that AI˜ collectively belong to
the adjoint of some algebra G ⊃ G0. Actually eq.s (2.5) and (2.21) allow in fact a more
general gauge structure than the one declared in (2.17), (2.18). Let TI˜ ∈ AdjG be the
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gauge generators dual to AI˜ . For the case of (2.17), G has the semisimple structure
G = G0 ⋉ R
nT , and the generators TΛ ∈ G0 may be realized in a block-diagonal way
(with entries TΛΣ
Γ = fΛΣ
Γ, TΛM
N = −fΛMN ) while the TM are off-diagonal (with entries
TMΛ
N = fΛM
N ). However, any gauge algebra G with structure constants fI˜J˜
K˜ may in
principle be considered, provided it satisfies the constraints (2.21). In the general case, to
match (2.21) one must also relax the restrictions on the couplings (2.17), (2.18), and allow
for more general fI˜J˜
K˜ and dI˜ J˜M . This includes in particular the case
fΛΣ
M 6= 0 , dΛΣM 6= 0 (2.24)
which was considered in [19] and [21]. In this case, G cannot be semisimple, and G0 is not
a subalgebra of G 4. This implies that the vectors AM do not decouple anymore at the
level of gauge algebra, and this, at first sight, would be an obstruction to implement the
anti-Higgs mechanism. However, this apparent obstruction may be simply overcome in the
FDA framework, due to the freedom of redefining the tensor fields as [23]:
BM → BM + kI˜ J˜MAI˜ ∧AJ˜ , (2.25)
for any kI˜ J˜M antisymmetric in I˜ , J˜ . It is then possible to implement the anti-Higgs mech-
anism with the tensor-gauge fixing (which includes a field redefinition as in (2.25)):

AΛ → A′Λ = AΛ
AM → A′M = −mMN Λ¯N
BM → B′M = BM − 12dΛΣMAΛ ∧AΣ +DΛ¯M
(2.26)
This still gives: 

F ′Λ = FΛ
F ′M = mMNBN
H ′M = DBM
(2.27)
provided that:
mMNd[ΛΣ]N = fΛΣ
M . (2.28)
With this observation, we may now analyze in full generality which non trivial structure
constants may be turned on in (2.19) in a way compatible with the anti-Higgs mechanism.
First of all, it is immediate to see that if:
fI˜M
Σ 6= 0 , (2.29)
it is impossible to implement the anti-Higgs mechanism, because they introduce a coupling
to the gauge vectors AM in the field-strengths FΛ which is not possible to reabsorb by any
field-redefinition.
Considering then the case:
fMN
P 6= 0 , dMNP 6= 0 . (2.30)
4We acknowledge an enlightening discussion with Maria A. Lledo´ on this point.
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we see that fMN
P would introduce a non-abelian interactions among the vectors AM and
in particular, for the case Λ = 0, this would imply that the AM close a non-abelian gauge
algebra. This case may be treated in a way quite similar to the case (2.24), since again we
may use the freedom in (2.25) to absorb the non-abelian contribution to FM in a redefinition
of BM . The anti-Higgs mechanism may then be implemented via the tensor-gauge fixing:

AΛ → A′Λ = AΛ
AM → A′M = −mMN Λ¯N
BM → B′M = BM − 12dNPMAN ∧AP +DΛ¯M
(2.31)
giving, as before:


F ′Λ = FΛ
F ′M = mMNBN
H ′M = DBM
(2.32)
provided that:
mMQd[NP ]Q = fNP
M . (2.33)
This shows that also non-abelian gauge vectors AM may be considered, and still may
decouple from the gauge-fixed theory by giving mass to the tensors BM . For this case,
however, the constraints (2.21), together with (2.33), give the following conditions on the
couplings: {
dMNP = d[MNP ]
mMN = +mNM
. (2.34)
As we are going to discuss in the next section, for the D = 5, N = 2 theory the matrixmMN
has to be antisymmetric, and this then implies, for this theory, fMN
P = 0. We conclude
that even if the algebra (2.19) can have non trivial extensions with new couplings, this is
not the case for the D = 5, N = 2 theory we shall be concerned with in section 3, so that
the couplings fMN
P and dMNP will be set to zero.
2.2 General properties of the FDA
A further observation concerns eq.s (2.20) and (2.23). In these equations, as in all the
relations involving the physical field strengths F I˜ and HM , the following objects appear:
fˆJ˜K˜
I˜ ≡ fJ˜K˜ I˜ +mI˜MdK˜J˜M ;
TˆI˜M
N ≡ TI˜MN +mJ˜NdJ˜ I˜M = 2d(I˜ J˜)MmJ˜N .
(2.35)
The generalized couplings fˆJ˜K˜
I˜ belong to a representation of the gauge algebra G which
is not the adjoint, since they are not antisymmetric in the lower indices. In particular we
find :
fˆI˜J˜
K˜mJ˜M = TˆI˜N
MmJ˜N
fˆI˜J˜
K˜mI˜M = 0.
(2.36)
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However, the fˆJ˜K˜
I˜ and TˆI˜N
M can be understood as representations of generators fˆI˜ and
TˆI˜ that still generate the gauge algebra G. Indeed the following relations hold (subject to
the constraints (2.21)):
[
fˆI˜ , fˆJ˜
]
= −f
I˜J˜
K˜ fˆK˜ ,[
TˆI˜ , TˆJ˜
]
= fI˜ J˜
K˜ TˆK˜ .
(2.37)
The generalized couplings fˆ and Tˆ express the deformation of the gauge structure due
to the presence of the tensor fields. In particular, only the structure constants of G0
are unchanged, corresponding to the fact that this is the algebra realized exactly in the
interacting theory (2.19) after the anti-Higgs mechanism has taken place. The rest of
the gauge algebra G is instead spontaneously broken by the anti-Higgs mechanism (which
requires, if fΛΣ
M 6= 0, also a tensor redefinition, as explained in (2.26)). However, the
entire algebra G is still realized, even if in a more subtle way, as eq.s (2.37) show. From
a physical point of view, this is expected by a counting of degrees of freedom, since the
degrees of freedom required to make a two-index tensor massive are the ones of a gauge
vector connection 5, so that also the vectors AM , besides the AΛ, are expected to be massless
gauge vectors. This algebra indeed closes provided the Jacobi identities f[I˜J˜
L˜fK˜]L˜
M˜ = 0
are satisfied. We find indeed, using (2.37):
[[
fˆ[I˜ , fˆJ˜
]
, fˆK˜]
]
L˜
P˜ = −f[I˜J˜ N˜fK˜]N˜ M˜ fˆM˜L˜P˜ = 0[[
Tˆ[I˜ , TˆJ˜
]
, TˆK˜]
]
M
N = −f[I˜J˜ M˜fK˜]M˜ L˜TˆL˜MN = 0
(2.38)
The hatted generators fˆ , Tˆ play the role of physical couplings when the gauge structure
is extended to include charged tensors. They have then to be considered as the appropriate
generators of the free differential structure. It may be useful to recast the theory in terms
of all the couplings appearing in the Bianchi identities (2.20), that is the hatted generators
and the symmetric part d(I˜ J˜)M of the Chern–Simons-like coupling dI˜ J˜M . This is done by
the field redefinition:
BM → B˜M = BM + 1
2
d[I˜ J˜ ]MA
I˜ ∧AJ˜ (2.39)
so that the FDA takes the form:
{
F I˜ ≡ dAI˜ + 12 fˆJ˜K˜ I˜AJ˜ ∧AK˜ +mI˜M B˜M
HM ≡ dB˜M + 12 TˆI˜MNAI˜ B˜N + d(I˜ J˜)MF I˜ ∧AJ˜ +KMI˜J˜K˜AI˜ ∧AJ˜ ∧AK˜
(2.40)
5Indeed, the on-shell degrees of freedom of a massless (2-index) tensor and of a vector in D dimensions
are (D − 2)(D − 3)/2 and (D− 2) respectively, while the ones of a massive tensor are (D − 1)(D − 2)/2 =
(D − 2)(D − 3)/2 + (D − 2).
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and the constraints (2.21) in the new formulation read, after introducing f˜I˜ J˜
K˜ ≡ fˆ[I˜J˜ ]K˜ :
f˜[I˜J˜
M˜ f˜K˜]M˜
L˜ = 2mL˜MKM [I˜ J˜K˜]
Tˆ[I˜M
N TˆJ˜ ]N
P = f˜I˜J˜
K˜ TˆK˜ + 12KMI˜J˜K˜mK˜P
TˆI˜M
NmI˜P = 0
1
2m
I˜N TˆJ˜N
M = f˜J˜K˜
I˜mK˜M
TˆI˜M
N = 2d(I˜ J˜)Mm
J˜N
Tˆ[I˜|M
Nd(J˜ ]K˜)N − 2fˆ[I˜|K˜ L˜d(J˜ ]L˜)M − f˜I˜J˜ L˜d(K˜L˜)M = −6KMI˜J˜K˜
KN [J˜K˜L˜TˆI˜]|MN − 3KMP˜ [I˜J˜ f˜K˜L˜]P˜ = 0.
(2.41)
In eq.s (2.40) and (2.41) we have introduced the definition:
KMI˜J˜K˜ =
1
2
fˆ[I˜J˜
L˜d(K˜]L˜)M +
2
3
d(L˜[J˜)M fˆI˜]K˜
L˜. (2.42)
that could also be found by directly studying the closure of the FDA (2.40) without referring
to its derivation from (2.19).
Eq. (2.40), which is expressed in terms of the physical couplings only, is completely
equivalent to (2.19). This is in fact the formulation used in [21], for the study of N = 8
supergravity in 5 dimensions. However, as eq.s (2.41) shows, in the formulation (2.40) the
gauge structure is not completely manifest, because for the “structure constants” f˜I˜ J˜
K˜ the
Jacobi identities fail to close.
Equation (2.19) (or, equivalently, (2.40)) is the most general FDA involving vectors
and 2-index antisymmetric tensors. Any other possible deformation of (2.19) is indeed
trivial (unless the system is also coupled to higher order forms) as we will show in detail
in Appendix A.
As a final remark, let us observe that, given the definitions (2.19), the FDA still enjoys
a scale invariance under the transformation, with parameter α:

mMN → αmMN
BM → 1αBM
dI˜ J˜M → 1αdI˜ J˜M
(2.43)
As we will see in the following, for the N = 2 theory in five dimensions this freedom corre-
sponds to the possibility of choosing an overall normalization for the tensor contributions
to the Chern–Simons Lagrangian.
3. D = 5, N = 2 supergravity revisited
3.1 Generalities and differences from previous approaches
In this section we are going to apply the general analysis of section 2 to the case of N = 2
supergravity theory in five dimensions coupled to vector- and tensor-multiplets.
The field content of the theory, in the absence of couplings, is
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• the gravity supermultiplet
(V aµ , ψ
A
µ , A
0
µ) , a = 0, 1, . . . 4 , µ = 0, 1, . . . 4 , A = 1, 2
where V aµ is the space-time vielbein (with a tangent-space indices and µ world-
indices), ψAµ the gravitino, with R-symmetry index in the fundamental representation
of Sp(2,R), and A0 the graviphoton;
• nV gauge multiplets
(Aiµ, λ
iA, ϕi) , i = 1, . . . nV
with ϕi, λiA the scalar partners of the gauge vectors Ai and the Sp(2,R)-valued
gaugini respectively. Since the gauge vectors mix in the interacting theory, in the
following we will introduce the index Λ = (0, i) = 0, 1, . . . nV running over all the
gauge-vector indices, that is: AΛ ≡ (A0, Ai);
• nT massless tensor multiplets
(BM |µν , λMA, ϕM ) , i = 1, . . . nT
with ϕM , λMA the scalar and spinor partners respectively of the tensors BM ;
• nH hypermultiplets
(qu, ζα) , u = (Aα) = 1, . . . 4nH ; α = 1, . . . 2nH
where the scalars qu span a quaternionic manifold of quaternionic dimension nH and
their spin-1/2 partners ζα are labeled with an index in the fundamental representation
of Sp(2nH ,R).
Before entering in the explicit construction of the theory, let us emphasize the differences
of our approach with respect to the existing literature on D = 5, N = 2 supergravity.
Inspired by the analysis of the previous section, we are interested in exploiting all the rich
gauge structure underlying the bosonic sector of the model, so we want to retrieve and
possibly to extend the results in the existing literature by starting with massless tensors
and letting them take mass via the anti-Higgs mechanism. Let us discuss this point in
some more detail than what has already done in the introduction.
While the anti–Higgs mechanism is very well understood at the bosonic level, to imple-
ment it within a supersymmetric theory is a non trivial task. This is due to the fact that
the supersymmetry constraints require the vectors AM giving mass to the tensors (in the
notations of section 2) to be related to the tensors themselves in a non local way, involving
Hodge-duality. This relation is codified in the so-called “self-duality-in-odd-dimensions”
condition to which all the tensor fields in odd-dimensional supergravity theories have to
comply [20]:
mMNHN |abc ∝ ǫabcdeFM |de. (3.1)
In particular, for the five dimensional case the tensors are further required to be complex.
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In fact, in the approach currently adopted in the literature [12, 13, 14, 15, 16, 17, 18,
19, 8], the tensors BM in the tensor multiplets are taken to be massive (and constrained
to satisfy (3.1)) from the very beginning, without any tensor-gauge freedom.
Naively, to implement the anti-Higgs mechanism at the supersymmetric level one could
think of directly supersymmetrizing the FDA (2.19), and try to give mass to the whole
tensor multiplets by coupling them to nT extra abelian vector multiplets added to the
theory:
(AMµ , χ
MA, φM ), (3.2)
where the vectors AM and the tensors BM admit the couplings and gauge invariance as in
(2.19) and (2.22). If this would be the case, in the interacting theory the fields in the extra
vector multiplets would couple to the tensor multiplets and one would end up with nT long
massive multiplets. We found, however, from explicit calculation that this is not the case,
since supersymmetry transformations never relate the tensors BM to the spinors χ
MA nor
to the scalars φM in (3.2). Then the only way compatible with supersymmetry to couple
N = 2 supergravity with nT massive tensors involves short BPS tensor multiplets
(BM |µν , λMA, ϕM )
where the massive tensors BM (that are complex because of CPT invariance of the BPS
multiplet) have to satisfy (3.1) (see eq. (3.48)). This is evident for the models having a
six dimensional uplift, as discussed in the introduction, since for these cases the mass of
the tensors is the BPS central charge gauged by the graviphoton gµ5. Then, in order to
understand the N = 2 supergravity theory in five dimensions coupled to tensor and vector
multiplets as a supersymmetrization of the FDA discussed in section 2, we will adopt the
following strategy: we start from the massless theory with field content as outlined at
the beginning of this section, but we also introduce nT extra auxiliary abelian vectors
AM coupled to the system. The closure of the supersymmetry algebra will then fix their
field-strengths, on-shell, to be the Hodge-dual of the field-strengths of the tensors BM .
When the theory also includes non-abelian gauge multiplets gauging some algebra G0, and
the tensor multiplets are charged under some representation of G0, then the spin-one part
(BM , A
M , AΛ) of the bosonic sector is coupled as in (2.19). In this case the closure of the
supersymmetry algebra also involves the non abelian field-strengths and give the set of
constraints (3.45) - (3.54) below.
According to the discussion in section 2, to simplify the notation we will generally use
the index I˜ = (Λ,M), valued in a representation of a group G ⊃ G0 in the notations of
section 2, that runs over all the vectors (including the auxiliary ones)
AI˜ ≡ (AΛ, AM )
and over the scalar sections
X I˜(ϕx) ≡ (XΛ,XM )
(G-valued functions of the scalar fields ϕx ≡ (ϕi, ϕM )) which appear in the supersymmetry
transformations of the vector and tensor fields. The world-index x = 1, . . . , nV + nT will
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collectively enumerate the scalar fields ϕx and the spinors λxA both in the tensor and vector
multiplets.
With respect to the analysis of [17], our discussion will be a bit more general as we
will include a non-zero Chern–Simons coupling dΛΣM , as in [19].
Another important point, not considered so far in this general context, concerns the
couplings mMN . The closure of the FDA (2.19) demands (recalling (2.21)) the generators
TI˜M
N to be related to the couplings dI˜ J˜M and to the structure constants fJ˜K˜
I˜ respectively
by
TI˜N
M = mJ˜M dI˜ J˜N , m
I˜NTJ˜N
M = fJ˜K˜
I˜mK˜M . (3.3)
Setting in the second relation I˜ = P and J˜ = Λ, it is immediate to obtain the following:
dΛMNm
MQmNP = −dΛNM mPNmMQ. (3.4)
Eq. (3.4) in principle admits two different solutions: either dΛMN is symmetric and m
MN
antisymmetric or the opposite. But since these couplings enter the Lagrangian of five di-
mensional supergravity respectively in the kinetic term for the tensorsmMNBMdBN (which
for mMN symmetric is a total derivative) and in the Chern–Simons term dI˜MNA
I˜FMFN
(which is zero if dI˜MN is antisymmetric in M and N), we are forced to consider only the
former solution6. Furthermore it should be noted that this same choice forbids the presence
of dMNP couplings, due to eq. (2.34).
We want to stress, however, that this constraint leaves the freedom for the tensor mass-
matrix m = −mT to have nT different eigenvalues ±imℓ (ℓ = 1, . . . nT/2)7. As anticipated
in the introduction, this is the case, for example, of the five dimensional theory obtained
by Scherk–Schwarz generalized dimensional reduction [24, 25] from the (2, 0) theory in six
dimensions [22]. In this theory the mass matrix mMN is in fact the S-S phase, in the Cartan
subalgebra of the global symmetry SO(nT ) ⊂ SO(1, nT ), which is the isometry group of
the scalar sector of the tensor multiplets in the D = 6 parent theory. The five dimensional
theory one obtains in this way is a gauged theory with flat group given by the semidirect
product U(1) ⋉ RV , where RV is an nV -dimensional representation of SO(1, nT ), and the
U(1) group is gauged by the vector coming from the metric in six dimensions. As remarked
in [22], such a situation was not considered in previous classifications.
On the other hand, if we take all the eigenvalues of the matrix mMN equal, which is
the case generally considered in the literature [12, 13, 14, 15, 16, 17, 18, 19, 8], then mMN
may be set in the form mMN = mΩMN where m is one constant real parameter and Ω the
symplectic metric. In this case the constraints (3.4) require the generators T JΛI to belong
to a symplectic representation of the gauge group T TΛ · Ω+ Ω · TΛ = 0.
6This is not necessarily true for other cases, like the four dimensional theories, where the equation (3.4)
also seems to allow the alternative solution
dI˜MN = −dI˜NM ; m
MN = mNM . (3.5)
7For nT odd there is one extra zero-eigenvalue. However, this case is excluded when the theory is
embedded in N = 2 supergravity, since in this case, as we already anticipated, the closure of the superalgebra
requires a self-duality condition [20] which needs an even number of tensors.
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3.2 The construction of the theory
Since our approach involves some generalizations with respect to those in the existing
literature, as discussed above, we have rederived right from the beginning the theory in its
full generality. We have used the superspace geometric approach as far as the solution of
Bianchi identities is concerned (from which the supersymmetry transformation laws of the
fields follow) and the superspace rheonomic Lagrangian for the derivation of the Lagrangian
on space-time. We also tried to use, as much as possible, the notations existing in the
previous literature; however in some cases we found useful to adopt different normalizations
for the fields and couplings with respect to the seminal papers on the subject [13, 17, 18].
A dictionary between our normalizations and those adopted in the previous papers is given
in appendix E.
Our starting point, for the construction of the theory, is the generalization of the
bosonic FDA of section 2 to a super-FDA in superspace. Consequently, we introduce the
supergravity one-forms Ωab, V
a and ΨA denoting respectively the spin-connection, the
vielbein and the gravitino in superspace (V a and ΨA spanning a basis on superspace),
together with their “supercurvatures” two-forms Rab, T a and ρA. We further introduce
zero-forms for the scalars ϕx, qu and spin 1/2 fields λxA, ζα and their curvatures (covariant
derivatives) .
The D = 5, N = 2 super-FDA is:
Rab = dΩab − Ωac ∧ Ωcb (3.6)
T a = dV a − ΩabV b − i
2
ΨAΓ
aΨA (3.7)
F I˜ = dAI˜ +
1
2
fJ˜K˜
I˜AJ˜ ∧AK˜ +mI˜MBM + iX I˜ΨAΨA (3.8)
HM = dBM + TI˜M
NAI˜ ∧BN + dI˜ J˜M
(
F I˜ − iX I˜ΨAΨA
)
AJ˜ +
+iXMΨAΓaΨ
AV a (3.9)
Dϕx = dϕx + kx
I˜
AI˜ (3.10)
Dqu = dqu + ku
I˜
AI˜ (3.11)
ρA = dΨA − 1
4
ΩabΓ
abΨA + ω˜ABΨ
B (3.12)
∇λxA = dλxA − 1
4
ΩabΓ
abλxA + Γ˜xyλ
yA + ω˜ABλ
xB (3.13)
∇ζα = dζα − 1
4
ΩabΓ
abζα + ∆˜αβζ
β. (3.14)
In (3.12) - (3.14) the gauged connections on the scalar σ-modelsM(ϕ) andMH(q) appear,
whereM(ϕ) is parametrized by the scalars in the vector and tensor multiplets whileMH(q)
is parametrized by the scalars of the hypermultiplets (the quaternionic sector is unaffected
by the presence of tensor multiplets). They are defined as:
Γ˜xy = Γ
x
y +A
I˜∂yk
x
I˜
σ-model connection for gauge sector
ω˜AB = ωAB + 32A
I˜PI˜AB SU(2) connection
∆˜αβ = ∆
α
β +A
I˜∂vk
u
I˜
UuαAUvβA Sp(2nH) connection.
(3.15)
– 15 –
Here Γxy(ϕ) is the Christoffel connection one-form of M(ϕ), while ωAB(q) and ∆αβ(q)
are respectively the Sp(2,R) R-symmetry and the Sp(2nH ,R) connections on MH(q).
Furthermore kxΛ(ϕ) and k
u
Λ(q) denote the Killing vectors on the two σ-models. In eq.
(3.15) also appear the geometric quantities UuAα and PI˜AB . They are the vielbein (UAα ≡
UAαu dqu) and prepotential on MH . For their definition and geometric properties, we refer
the reader to the standard literature, in particular [26, 27] where the same notations are
used.
We adopted the following conventions for raising and lowering Sp(2,R) and Sp(2nH)
indices:
ξA = ǫABξ
B ; ξA = −ǫABξB ; ξα =Cαβξβ ; ξα = −Cαβξβ (3.16)
while the flat space-time indices a, b are raised or lowered with the metric
ηab = diag(+,−,−,−,−). (3.17)
With these definitions, the explicit construction proceeds by first solving the super-Bianchi’s
following from (3.6) - (3.14):
RabV b = iΨAΓaρA (3.18)
DRab = 0 (3.19)
DF I˜ = mI˜M
(
HM − iXMΨAΓaΨAV a
)
+ iDX I˜ΨAΨ
A − 2iX I˜ΨAρA (3.20)
DHM = dI˜ J˜M
(
F I˜ − iX I˜ΨAΨA
)
∧
(
F J˜ − iX J˜ΨBΨB
)
+
+iDXMΨAΓaΨ
AV a − 2iXMΨAΓaρAV a − 1
2
XMΨAΓaΨ
AΨBΓ
aΨB (3.21)
D2ϕx = kx
I˜
(
F I˜ − iX I˜ΨAΨA
)
(3.22)
D2qu = ku
I˜
(
F I˜ − iX I˜ΨAΨA
)
(3.23)
∇ρA = −1
4
RabΓabΨA − R˜ABΨB (3.24)
∇2λxA = −1
4
RabΓabλxA − R˜xyλyA −RABλxB (3.25)
∇2ζα = −1
4
RabΓabζα − R˜αβζβ, (3.26)
where we have defined:
DF I˜ ≡ dF I˜ + fˆJ˜K˜ I˜AJ˜F K˜ (3.27)
DX I˜ ≡ dX I˜ + fˆJ˜K˜ I˜AJ˜XK˜ (3.28)
DHM ≡ dHM + TˆI˜MNAI˜HN (3.29)
DXM ≡ dXM + TˆI˜MNAI˜XN (3.30)
with the fˆJ˜K˜
I˜ , TˆI˜M
N introduced in (2.35), and
R˜xy ≡ dΓ˜xy + Γ˜xzΓ˜zy (3.31)
R˜AB ≡ dω˜AB + ω˜AC ω˜CB (3.32)
R˜αβ ≡ d∆˜αβ + ∆˜αγ∆˜γβ . (3.33)
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Eq.s (3.18) - (3.26) are solved by parametrizating the supercurvatures on superspace (from
which the supersymmetry transformation laws follow) as:
T a = 0 (3.34)
Rab = RˆabcdV cV d − iΨAΓ[aρAb]cV c −
i
8
XI˜ Fˆ
I˜|cdǫabcdeΨAΓeΨA − i
2
XI˜ Fˆ
I˜
abΨAΨ
A +
+
1
4
gxy
(
λ
xA
ΓcλyBΨAΓabcΨB − λxAΓabλyBΨAΨB − 1
2
λ
xA
Γabcλ
yBΨAΓ
cΨB
)
+
+iSABΨAΓ
abΨB − 1
4
ζαΓabcζ
αΨAΓ
cΨA (3.35)
F I˜ = Fˆ I˜abV
aV b − 2f I˜xΨAΓaλxAV a (3.36)
HM = HˆM |abcV aV bV c − hMxΨAΓabλxAV aV b (3.37)
Dϕx = Dˆaϕ
xV a +ΨAλ
xA (3.38)
Dqu = Dˆaq
uV a + UuAαΨAζα (3.39)
ρA = ρAabV
aV b − 1
8
XI˜ Fˆ
I˜|bc (Γabc − 4ηa[bΓc])ΨAV a + SABΓaΨBV a +
+
i
4
gxy
[
λ
xA
ΓbλyB (Γbc + 2ηbc)ΨB +
1
4
λ
xA
ΓabλyB (Γabc + 4Γaηbc)ΨB
]
V c +
− i
8
ζαΓabcζ
αΓabΨAV c (3.40)
∇λxA = ∇ˆaλxAV a + i
2
Daϕ
xΓaΨA +
i
4
gx
I˜
Fˆ I˜abΓ
abΨA + iW xABΨB +
+
1
4
T xyz
(
−3λyAλzBΨB + λyAΓaλzBΓaΨB + 1
2
λ
yA
ΓabλzBΓabΨB
)
(3.41)
∇ζα = ∇ˆaζαV a + iUuAαDaquΓaΨA + iNαAΨA, (3.42)
in terms of a set of scalar-dependent quantities:
f I˜x , hMx , gxy , g
x
I˜
, T xyz
and of the fermion-shifts due to the gauging SAB , W xAB, NαA . The ‘hat’ on the field-
strengths and covariant derivatives denotes the supercovariant part. Eq.s (3.18) - (3.26)
give a set of constraints among the quanitites appearing in the parametrizations (3.35) -
(3.42). Part of them are reported below:
f I˜x = DxX
I˜ (3.43)
hMx = −DxXM (3.44)
D(yf
I˜
x) = T
z
xyf
I˜
z +X
I˜gxy (3.45)
T z [xy] = 0 (3.46)
XM = −2dI˜ J˜MX I˜X J˜ (3.47)
HˆM |abc = −
1
6
aMI˜ǫabcdeFˆ
I˜|de (3.48)
X I˜XJ˜ + f
I˜
xg
x
J˜
= δI˜
J˜
(3.49)
f I˜xW
x[AB] =
1
2
mI˜MXM ǫ
AB (3.50)
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SAB = X I˜P
I˜
AB ; S[AB] = 0 (3.51)
2XMS
(AB) = hMxW
x(AB) (3.52)
PI˜ABmI˜M = kuI˜mI˜M = kxI˜mI˜M = 0 (3.53)
P[I˜ACPJ˜ ]CB =
1
3
fI˜J˜
K˜PK˜AB. (3.54)
In eq. (3.48) we have introduced the matrix
aI˜ J˜ ≡ XI˜XJ˜ + hI˜xgxJ˜ (3.55)
which will appear in the Lagrangian as kinetic matrix for the vector field-strengths. Eq.
(3.48) expresses, at the supersymmetric level, the duality relation among the B-field-
strengths and the vector field-strengths.
Since the analysis has been done only at 2-fermion level, these are not the totality of
the algebraic and geometric constraints of the theory. Further constraints are more easily
evaluated from the equations of motion in superspace of the rheonomic Lagrangian given
in appendix B and will be reported in the next subsection.
3.3 The Lagrangian
Writing the action as:
S =
∫ √−gd5xL, (3.56)
the Lagrangian of the theory is:
L = LGrav + LKin + LPauli + Lgauge + LCS + L4f (3.57)
with:
LGrav = R+ i√−gΨA|µΓ
µνρρAνρ (3.58)
LKin = −3
8
aI˜ J˜F I˜µνF J˜ |µν +
3
16
1√−g ǫ
µνρσλmMNBM |µνDρBN |σλ +
+
3
4
gxyDµϕ
xDµϕy + guvDµq
uDµqv +
+
3
2
igxyλ
x
AΓ
µ∇µλyA + iζαΓµDµζα (3.59)
LPauli = −3
8
iXI˜F I˜µνΨA|ρΓµΓρσΓνΨAσ +
3
4
hI˜xF I˜µνΨA|ρ (Γµνρ − 2Γνgµρ)λxA +
+
i
4
φI˜xyF I˜µνλ
x
AΓ
µνλyA − 3
2
gxyDνϕ
xΨA|µΓνΓµλyA +
+
3i
4
XI˜F I˜µνζαΓµνζα − 2DνquΨA|µΓνΓµζαUuAα (3.60)
Lgauge = −3iSABΨµAΓµνΨνB − 3gxyW yABλxAΓµΨµB + 2NAα ΨA|µΓµζα +
−3
2
iMxy|ABλ
xA
λyB − iMαβζαζβ − 2iMAαx ζαλxA − V (φ) (3.61)
LCS = 3
16
[
2mMNBMµνdI˜ J˜N
(
F I˜ρσ − iX I˜Ψ¯A|ρΨAσ
)
AJ˜τ +
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+
1
3
tI˜ J˜K˜A
I˜
µ∂νA
J˜
ρ∂σA
K˜
τ +
1
4
(
tI˜L˜M˜fJ˜K˜
L˜ + 4dI˜ J˜Mm
MNdM˜K˜N
)
AI˜µA
J˜
νA
K˜
ρ ∂σA
M˜
τ +
+
1
20
(
tI˜L˜M˜fJ˜K˜
L˜ + 4dI˜ J˜Mm
MNdM˜K˜N
)
fN˜P˜
M˜AI˜µA
J˜
νA
K˜
ρ A
N˜
σ A
P˜
τ
]ǫµνρστ√−g (3.62)
where:
Mxy|AB = (gyzkzI˜f
I˜
x −
1
2
hMxm
MNhNy)ǫ
AB − 2f I˜z T zxyPI˜AB (3.63)
Mαβ = 1
2
UvAαUuAβD[ukv]
I˜
X I˜ (3.64)
MAαx = −2UuAαkuI˜ f I˜x (3.65)
and: 

SAB = X I˜PI˜AB
W xAB = gxy(12hI˜ym
I˜MXM ǫ
AB − 2f I˜yPI˜AB)
NAα = 2UuAαkuI˜X I˜ .
. (3.66)
Finally, tI˜ J˜K˜ introduced in (3.62) is a covariantly constant tensor.
In (3.62), the freedom under rescaling (2.43) has been used to fix the overall normaliza-
tion. More details on the calculation are given in appendix B. The 4-fermions contributions
to the Lagrangian, from [13], is reported in appendix C.
The scalar potential is
V = −12SABSAB + 3
2
gxyW
xABW yAB +NαANαA
= 6PAB
I˜
PJ˜AB
(
f I˜xg
xyf J˜y − 2X I˜X J˜
)
+
3
4
XMXNm
MPmNLhPxg
xyhLy +
+4guvk
u
I˜
kv
J˜
X I˜X J˜ . (3.67)
The following Ward-identity on the gauging holds
V δBA = −24SBCSCA + 3gxyW xCBW yCA + 2NαANαB . (3.68)
Eq. (3.68) is identically satisfied, given eq.s (3.66), for any SU(2)-valued PAB
I˜
= Pr
I˜
σABr .
The Lagrangian (3.57) is left invariant by the supersymmetry transformation rules
(with supersymmetry parameter ǫA):
δV aµ = −iΨAµΓaǫa
δAI˜µ = 2iX
I˜ΨAµǫ
A − 2f I˜xǫAΓµλxA
δBMµν = 2idI˜ J˜MX
I˜AJ˜[µΨν]Aǫ
A + 2iXMΨA[µΓν]ǫ
A − hMxǫAΓµνλxA
δϕx = ǫAλ
xA
δqu = UuAαǫAζα
δΨAµ = DµΨ
A − ωA
u|BUuCαǫCζαΨBµ − 18XI˜F I˜|νρ
(
Γµνρ − 4ηµ[νΓρ]
)
ǫA + SABΓµǫB+
+ i4gxy
[
λ
xA
ΓνλyB (Γνµ + 2ηνµ) ǫB +
1
4λ
xA
ΓνρλyB (Γµνρ + 4Γνηρµ) ǫB
]
− i8ζαΓµνσζαΓνσǫA
δλxA = −ωA
u|BUuCαǫCζαλxB − ΓxyzǫCλzC λyA + i2DµφxΓµǫA + i4gxI˜F I˜µνΓµνǫA + iW xABǫB+
+14T
x
yz
(
−3λyAλzBǫB + λyAΓµλzBΓµǫB + 12λ
yA
ΓµνλzBΓµνǫB
)
δζα = −∆α
u|βUuAγǫAζγζβ + iDµquΓµUuAαǫA + iNαAǫA
(3.69)
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For our calculations, we used the geometrical (rheonomic) approach which, as is well
known, provides not only the space-time Lagrangian and the superspace equations of mo-
tion, but also the value of the generalized curvatures in superspace thus providing con-
straints on the physical fields of the theory. This is of course equivalent to require space-
time supersymmetry.
The extra constraints we find besides those already given by closure of the Bianchi
identities (3.45)-(3.54) are:
tI˜ J˜K˜X
I˜X J˜XK˜ = 1 (3.70)
XI˜ = tI˜J˜K˜X
J˜XK˜ = aI˜ J˜X
J˜ (3.71)
f I˜x = DxX
I˜ (3.72)
gxy = −2tI˜J˜K˜XK˜f I˜xf J˜y = aI˜ J˜f I˜xf J˜y (3.73)
T zxy = tI˜J˜K˜g
zwf I˜wf
J˜
x f
K˜
y (3.74)
hI˜x = −DxXI˜ = aI˜ J˜f J˜x = gxygyI˜ (3.75)
tI˜ J˜K˜X
K˜ = −1
2
(aI˜ J˜ − 3XI˜XJ˜) (3.76)
XI˜X
I˜ = 1 (3.77)
DxhI˜y = −(hI˜zT zxy +XI˜gxy) ; D[xhI˜|y] = 0 (3.78)
φI˜xy = 3tI˜ J˜K˜f
J˜
x f
K˜
y +
9
4
XI˜gxy (3.79)
d(I˜ J˜)M = −
1
2
tI˜J˜M (3.80)
hI˜zT
z
xy = tI˜J˜K˜f
J˜
x f
K˜
y +
1
2
XI˜gxy. (3.81)
In particular, (3.70) defines the equation of the surface generally carachterizing the scalar
geometry of D = 5, N = 2 tensor and vector multiplet sector. Furthermore, the above
relations also imply the constraints on the curvature of M(ϕ) characterizing its geometry:
Rxyzt =
(
δx[tgz]y + T
x
w[tT
w
z]y
)
(3.82)
and a relation between the constant tI˜J˜K˜ defining the surface and the scalar-dependent
couplings:
tI˜ J˜K˜ =
1
2
(
5XI˜XJ˜XK˜ − 3a(I˜ J˜XK˜) + 2TxyzgxI˜ g
y
J˜
gz
K˜
)
. (3.83)
Since the geometrical properties of the σ-model M(ϕ) have been discussed thoroughly in
the original paper [13], we omit further comments on this point.
3.4 Comments on the scalar potential
The scalar potential that we find in eq. (3.67):
V = 6PAB
I˜
PJ˜AB
(
f I˜xg
xyf J˜y − 2X I˜X J˜
)
+
3
4
XMXNm
MPmNLhPxg
xyhLy +
+4guvk
u
I˜
kv
J˜
X I˜X J˜ (3.84)
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is formally the same as the one found in the literature [18] (a rescaling of the fields is
required for a precise comparison; a map is given in Appendix E). However, since we are
considering more general couplings and a non-trivial mMN matrix, a few comments are in
order.
First of all, it is already known that the presence of the tensor multiplets allows a
non-zero W x[AB] = 12g
xyhI˜ym
I˜MXM ǫ
AB but that the contribution to the scalar potential
coming from the tensors is always positive, so that Anti de Sitter solutions may only be
accounted for a non trivial (possibly constant) PAB
I˜
, giving a mass to the gravitino, while,
in the case PAB
I˜
= 0, only Minkowski vacua are attainable, for
hMxm
MNXN = 0. (3.85)
This is in particular the case when one considers as N = 2 model the Scherk–Schwarz
generalized dimensional reduction of a six dimensional theory, as discussed in [22]. For
the case of the S-S dimensionally reduced theory, to have a non negative scalar potential a
cancellation is needed between the gaugino and gravitino contributions, proportional to the
prepotential PAB
I˜
. This does not appear instead to be necessary in more general, purely five
dimensional, cases, still allowing, however, a general antisymmetric matrix mMN . Then,
when mMN has general skew-eigenvalues, eq. (3.85) may have solutions more general than
the “symplectic-orthogonality” condition between hMx and XN .
Let us now see the implications of having dΛΣM 6= 0. Eq. (3.85) has a solution for:
XM = tI˜ J˜MX
I˜X J˜ = −4dΛNMXΛXN − 2dΛΣMXΛXΣ = 0 (3.86)
where we used the relation (3.80) Eq. (3.86) must be solved together with the defining
equation of the scalar geometry
tI˜ J˜K˜X
I˜X J˜XK˜ = 1 (3.87)
that is:
XΛ
(
tΛΣΓX
ΣXΓ + 2tΛΣMX
ΣXM + 2tΛMNX
MXN
)
= 1. (3.88)
In (3.88) we used the fact that, for mMN invertible, tMNP = 0, as explicitly shown in
appendix B, eq. (B.17). Eq. (3.88) requires XΛ 6= 0 for at least one value of Λ (e.g.
XΛ|vac ∝ δΛ0 ), and it then implies that the v.e.v. of the scalars XM are now shifted from
zero, since eq. (3.86) is solved for
dΛMNX
N |vac = −1
2
dΛΣMX
Σ|vac 6= 0. (3.89)
4. Conclusions and outlook
In the present paper we have studied theD = 5, N = 2 theory coupled to vector, tensor and
hyper multiplets by including all possible couplings compatible with gauge symmetry and
supersymmetry. We paid particular attention in analyzing the algebraic structure of the
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FDA which underlies the theory, This allowed to relax some constraints on the couplings
usually considered, and correspondingly to write-down a scalar potential a bit more general
than usually considered. It would be interesting to analyze in detail the critical points of
models exhibiting the features described here, as in particular a magnetic coupling mMN
with arbitrary skew-eigenvalues. Models of this kind (an example of which is found by
Scherk–Schwarz compactification from six dimensions [22]) should appear in general flux
compactifications from superstring or M-theory.
Our investigation may now be extended in various directions. At a group-theoretical
point of view, it would be interesting to extend the FDA to include also higher order forms,
as is the case, in general, in theories corresponding to compactifications from superstrings
or M-theory. We would also like to perform an analysis, on the same lines of the one
presented here, for the D = 4 N = 2 theory coupled to vector-tensor multiplets. These
developments are under investigation and will be discussed elsewhere.
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A. A trivial deformation of the FDA
In this appendix we show that a further possible deformation of the FDA (2.19) via an
extra 3-vector contribution in the field strengths HM can be always reabsorbed by a field
redefinition provided we do not couple the system to higher order forms. It is in fact
possible to deform the FDA (2.19) as follows{
F I˜ ≡ dAI˜ + 12fJ˜K˜ I˜AJ˜ ∧AK˜ +mI˜MBM
HM ≡ dBM + TI˜MNAI˜BN + dI˜ J˜MF I˜ ∧AJ˜ + eMI˜J˜K˜AI˜ ∧AJ˜ ∧AK˜
(A.1)
with the constant eMI˜J˜K˜ = eM [I˜J˜K˜] completely antisymmetric in the last 3 indices. This is
a deformation of the FDA structure, which leaves unchanged the Bianchi identities (2.20),
but modifies the constraints in the following way:
f[I˜J˜
L˜fK˜]L˜
M˜ = 2eMI˜J˜K˜m
M˜M[
TI˜ , TJ˜
]
M
P = fI˜ J˜
K˜TK˜M
P + 6eMI˜J˜K˜m
K˜P
TI˜M
(NmI˜|P ) = 0
mI˜NTJ˜N
M = fJ˜K˜
I˜mK˜M
TI˜M
N = dI˜ J˜Mm
J˜N
T[I˜|M
NdK˜|J˜]N − fˆ[I˜|K˜ L˜dL˜|J˜]M − 12fI˜J˜ L˜dK˜L˜M + 3eMI˜J˜K˜ = 0
eN [J˜K˜L˜TI˜]M
N − 32eMP˜ [K˜L˜fI˜ J˜]P˜ = 0.
(A.2)
The last equation of (A.2) means that eMI˜J˜K˜ is a cocycle of the Lie algebra G.
For non-zero eMI˜J˜K˜ , the gauge transformations of the system are deformed into{
δAI˜ = dǫI˜ + fJ˜K˜
I˜AJ˜ǫK˜ −mI˜MΛM
δBM = dΛM + TI˜M
NAI˜ΛN − dI˜ J˜MF I˜ǫJ˜ − TI˜MNǫI˜BN − 3eMI˜J˜K˜AI˜ ∧AJ˜ǫK˜
(A.3)
but give, for the field strengths, the same gauge transformation of the undeformed theory:{
δF I˜ = −fˆJ˜K˜ I˜ǫJ˜F K˜
δHM = −TˆI˜MNǫI˜HN .
(A.4)
As we see from (A.2), in this case the Jacobi identities fail to close and the TI˜M
N do not
generate anymore the algebra G, which is explicitly broken. However, for any general value
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of eMI˜J˜K˜ subject to (A.2), the entire algebra G is still generated by the hatted generators
fˆ , Tˆ , that still satisfy eq.s (2.37). The consistency of the extended theory is guaranteed
since, from (2.37) we have, for any eMI˜J˜K˜ :[[
fˆ[I˜ , fˆJ˜
]
, fˆK˜]
]
L˜
P˜ = −f[I˜J˜ N˜fK˜]N˜ M˜ fˆM˜L˜P˜ = −2eMI˜J˜K˜mN˜M fˆN˜L˜P˜ = 0[[
Tˆ[I˜ , TˆJ˜
]
, TˆK˜]
]
M
N = −f[I˜J˜ M˜fK˜]M˜ L˜TˆL˜MN = −2eP I˜J˜K˜mL˜P TˆL˜MN = 0
(A.5)
due to (A.2) and in particular to
mI˜NTJ˜N
M − fJ˜K˜ I˜mK˜M = 0 → fˆK˜J˜ I˜mK˜M = 0
TI˜M
(NmI˜|P ) = 0 → TˆI˜MNmI˜P = 0.
(A.6)
Therefore we can state that the gauge algebra G, even if not anymore realized in an
abstract way, still closes when acting on the physical generators fˆ , Tˆ appearing in the
Bianchi identities. To complete the proof that the extension of the FDA (2.19) to include
the eMI˜J˜K˜ is trivial, we are now going to show that, when expressed only in terms of the
physical couplings, the structure of the FDA is not affected by any possible contribution
in eMI˜J˜K˜ . To do so, let us recast the theory in terms of the physical couplings appearing
in the Bianchi identities (2.20), as we did in section 2.2 for the FDA (2.19). As shown in
section 2.2, this is done by the field redefinition 2.39. Then the FDA (A.7) takes the form:{
F I˜ ≡ dAI˜ + 12 fˆJ˜K˜ I˜AJ˜ ∧AK˜ +mI˜M B˜M
HM ≡ dB˜M + 12 TˆI˜MNAI˜B˜N + d(I˜ J˜)MF I˜ ∧AJ˜ +KMI˜J˜K˜AI˜ ∧AJ˜ ∧AK˜
(A.7)
where:
KMI˜J˜K˜ = eMI˜J˜K˜ −
1
2
T[I˜M
NdJ˜K˜]N −
1
4
fˆ[I˜J˜
L˜dK˜]L˜M +
1
4
dL˜[K˜M fˆI˜J˜ ]
L˜, (A.8)
and:
f˜[I˜J˜
M˜ f˜K˜]M˜
L˜ = 2mL˜MKM [I˜ J˜K˜]
Tˆ[I˜M
N TˆJ˜ ]N
P = f˜I˜J˜
K˜ TˆK˜ + 12KMI˜J˜K˜mK˜P
TˆI˜M
NmI˜P = 0
1
2m
I˜N TˆJ˜N
M = f˜J˜K˜
I˜mK˜M
TˆI˜M
N = 2d(I˜ J˜)Mm
J˜N
Tˆ[I˜|M
Nd(J˜ ]K˜)N − 2fˆ[I˜|K˜ L˜d(J˜ ]L˜)M − f˜I˜J˜ L˜d(K˜L˜)M = −6KMI˜J˜K˜
KN [J˜K˜L˜TˆI˜]|MN − 3KMP˜ [I˜J˜ f˜K˜L˜]P˜ = 0.
(A.9)
Note that, by substituting the value of eMI˜J˜K˜ given by (A.2), eq. (A.8) may be rewritten
as
KMI˜J˜K˜ =
1
2
fˆ[I˜J˜
L˜d(K˜]L˜)M +
2
3
d(L˜[J˜)M fˆI˜]K˜
L˜, (A.10)
which is identical to (2.42). This shows that, when the FDA is expressed only in terms of
the physical couplings fˆI˜ , TˆI˜ and d(I˜ J˜)M , it does not depend on any possible contribution
from eMI˜J˜K˜ in (A.1). We conclude that the couplings eMI˜J˜K˜ give a trivial deformation of
the FDA (2.19). This means that the cocycle eMI˜J˜K˜ is in fact a coboundary. According
to the general construction of the free differential algebras, one can however expect that,
if one enlarges the FDA by introducing 3-form potentials and the associated curvatures, a
4-form associated to eMI˜J˜K˜ could play a role. This possibility will not be pursued here,
but left for a future publication.
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B. The D=5 Rheonomic Lagrangian
We write down explicitly here the rheonomic lagrangian, up to 4-fermion terms. We recall
that, in the rheonomic approach, the action is written as
S =
∫
M5
L (B.1)
where M5 is a generic bosonic surface embedded in superspace. L is a 5-form written in
terms of superfields without use of the Hodge-duality operator. It is then first-order in the
kinetic terms, that is auxiliary fields FI˜ab, X
I˜
a, Q
u
a are introduced and are then fixed in terms
of the physical field-strengths by solving their field equations. The space-time lagrangian
is retrieved by restricting the rheonomic lagrangian along the space-time differentials dxµ,
at zero fermionic coordinates ΘA = dΘA = 0.
With this approach, the field equations are valid all over superspace. The equations
of motion on space-time are given by the field equations along the bosonic vielbein V a of
superspace, while the field equations with at least one fermionic direction ΨA yield the
constraints on the supercurvatures and couplings.
The Lagrangian density up to 4-fermion terms can be written as:
L = LGrav + LKin + LPauli + LCS + LTors + Lgauge (B.2)
where
LGrav = RabV cV dV eǫabcde − 6iΨAΓabρAV aV b (B.3)
LKin = −3
4
aI˜ J˜F
I˜
ab
(
F J˜ + 2f J˜xΨAΓℓλ
xAV ℓ
)
ǫabcdeV
cV dV e +
+
[
3
4
gxyX
x
a
(
Dϕy −ΨAλyA
)
+ guvQ
u
a
(
Dqv −ΨAζαUvAα
)]
ǫabcdeV
bV cV dV e +
− 1
10
[
3
4
(
gxyX
x
ℓX
yℓ − 1
2
aI˜ J˜F
I˜
fgF
J˜fg
)
+ guvQ
u
ℓQ
vℓ
]
ǫabcdeV
aV bV cV dV e +
+
[
3
4
igxyλ
x
AΓ
a∇λyA + 1
2
iζαΓ
a∇ζα
]
ǫabcdeV
bV cV dV e (B.4)
LPauli = F I˜
[
−9
2
iXI˜ΨAΓaΨ
AV a − 9
2
hI˜xΨAΓabλ
xAV aV b +
−1
2
i
(
ΦI˜xyλ
x
AΓabcλ
yA + 3XI˜ζαΓabcζ
α
)
V aV bV c
]
+(
3gxyDϕ
xΨAΓabcλ
yA + 4UuAαDquΨAΓabcζα
)
V aV bV c (B.5)
LTors = −3iTaV a
(
ΨAΨ
A +
3
4
igxyλ
x
AΓbcλ
yAV bV c +
1
2
ζαΓbcζ
αV bV c
)
(B.6)
Lgauge =
(
3
2
gxyW
y ABλ
x
AΓ
aΨB +NAα ΨAΓaζα
)
ǫabcdeV
bV cV dV e +
+6iSABΨAΓabcΨBV
aV bV c − 1
10
V (φ)ǫabcdeV
aV bV cV dV e +
− 1
10
(
3iMxy|ABλ
xA
λyB + 4iMAαx ζαλ
x
A + 2iM
αβζαζβ
)
ǫabcdeV
aV bV cV dV e (B.7)
– 26 –
The Chern-Simons Lagrangian can be written down in terms of AI˜ and BM :
LCS = αmMNBMdBN + sMNI˜ BMBNAI˜ + sII˜J˜BMAI˜dAJ˜ + sII˜J˜K˜BMAI˜AJ˜AK˜ +
+
3
4
tI˜J˜K˜A
I˜dAJ˜dAK˜ + rI˜J˜K˜|L˜A
I˜AJ˜AK˜dAL˜ + rI˜J˜K˜L˜M˜A
I˜AJ˜AK˜AL˜AM˜ (B.8)
where the gauge invariance of LCS implies:
sMN
I˜
= αmMPTI˜P
N (B.9)
sM
I˜J˜
= 2αdJ˜ I˜Nm
MN (B.10)
sM
I˜J˜K˜
= αmMNdL˜[I˜|NfJ˜K˜]
L˜ (B.11)
sM
(I˜ J˜)
=
1
4
tI˜J˜K˜m
K˜M (B.12)
rI˜J˜K˜|L˜ =
1
16
tK˜L˜M˜fI˜J˜
M˜ +
i
2
dK˜[I˜|Mm
MNdL˜|J˜]N (B.13)
rI˜ J˜K˜L˜M˜ =
1
80
tI˜N˜Q˜f[J˜K˜
N˜fL˜M˜ ]
Q˜ +
α
5
dI˜[J˜Mm
MNdN˜ |K˜JfL˜M˜ ]
N˜ (B.14)
Conditions (B.9)-(B.14), required for gauge invariance of the action, in particular imply
that tMNP = 0. To show this, let us consider eq. (B.12) and mulitply it by m
I˜NmJ˜P :
1
4
tI˜ J˜K˜m
I˜MmJ˜NmK˜P = sP
(I˜ J˜)
mI˜MmJ˜N (B.15)
But due to eq. (B.10) this is related to the physical coupling Tˆ :
1
4
tI˜ J˜K˜m
I˜MmJ˜NmK˜P = 2αd(I˜ J˜)Qm
PQmI˜MmJ˜N = αTˆI˜Q
NmI˜MmPQ (B.16)
This last term vanishes due to eq. (2.41), so that, since we generally take mMN invertible,
it gives:
tMNP = 0 . (B.17)
As a final remark, let us observe that, given (B.9) - (B.14), all the Chern-Simons
Lagrangian (3.4) contains a free multiplicative parameter, α. However, recalling the dis-
cussion at the end of section 2, the theory still has the scale invariance (2.43), which may
be used to fix the parameter α at our wish. We set α = 94 . This finally gives eq. (3.62).
C. The four-fermions Lagrangian
The 4-fermions contributions to the Lagrangian, from [13], with our notations reads:
L4f =
{
− 1
16
DwTxyzλ¯
x
AΓµνλ
yAλ¯zBΓ
µνλwB +
1
2
Rxyzw
(
λ¯xAλ
yAλ¯zBλ
wB + λ¯xAΓµλ
yAλ¯zBΓ
µλwB
)
+
−3
4
gxygzw
(
λ¯xAλ
y
Bλ¯
zAλwB +
1
2
λ¯xAΓµλ
y
Bλ¯
zAΓµλwB − 3
16
λ¯xAΓµνλ
y
Bλ¯
zAΓµνλwB
)}
4λ
+
{
2iTxyz
(
λ¯xAΨµBλ¯
yAΓµλzB − 1
2
λ¯xAΓ
µΨµBλ¯
yAλzB
)}
3λ
+
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{ 3
16
gxy
[
Ψ¯µAΨνBλ¯
xA
(
3gµν +
1
2
Γµν
)
λyB − Ψ¯µAΓρΨνBλ¯xA
(
3gµνΓρ + 2gµρΓν +
1
2
Γµνρ
)
λyB +
−1
2
Ψ¯µAΓρσΨνBλ¯
xA
(
2gµρgνσ − 4gµρΓνσ − 2gµνΓρσ + 1
2
Γµνρσ
)
λyB
]}
2λ
+
+
{ 3
16
Ψ¯µAΨ
A
ν Ψ¯
µ
BΨ
νB +
1
8
Ψ¯µAΓ
µνρσΨAν Ψ¯ρBΨ
B
σ +
1
2
Ψ¯νAΓ
νΨAµ Ψ¯ρBΓ
ρΨµB +
+
1
8
Ψ¯µAΓρΨ
A
ν Ψ¯
µ
BΓ
ρΨνB − 1
2
Ψ¯(νAΓρ)Ψ
A
µ Ψ¯
ν
BΓ
ρΨµB
}
4Ψ
+
+ΨA|µζαΨ
A
ν (g
µν + Γµν)ζα +
1
16
ζαΓµνζ
αζβΓ
µνζβ + (C.1)
+
3
16
gxyζαΓµνρζ
αλ
x
AΓ
µνρλyA − 1
4
Ωαβγδ(5ζαζβζγζδ − ζαΓµζβζγΓµζδ) (C.2)
where Ωαβγδ = RαβuvUu|γAUv|δBǫAB.
D. Useful relations with Γ-matrices and Fierz identities
ǫa1...apb1...bqǫa1...apc1...cq = p!q!δ
b1...bq
c1...cq , (p+ q = 5) (D.1)
Γabcd = ǫabcdeΓe (D.2)
Γabc = −1
2
ǫabcdeΓde (D.3)
ΓaΓ
bc = Γa
bc + 2δ[ba Γ
c] (D.4)
ΓbcΓa = Γa
bc − 2δ[ba Γc] (D.5)
ΓabΓcd = Γ
ab
cd − 4δ[a[cΓb]d] − 2δabcd (D.6)
Γ[aΓcdΓ
b] = Γabcd + 2δabcd (D.7)
ΓaΓab1...bp = (5− p)Γb1...bp , 0 ≤ p ≤ 4 (D.8)
ΓabΓabc1...cp = −(5− p)(4− p)Γc1...cp , 0 ≤ p ≤ 3 (D.9)
ΓaΓcΓab = 2Γbc − 4δbc (D.10)
ΓaΓcdΓa = Γcd (D.11)
ΓaΓcdΓab = −4ηb[cΓd] = ΓabΓcdΓa (D.12)
ΓaΓcΓa = −3Γc (D.13)
ΓabΓcΓab = −4Γc (D.14)
ΓabΓcdΓab = 4Γcd (D.15)
Recalling that
ΨA ≡ ǫABΨB ; ΨA = −ǫABΨB (D.16)
and that the currents of spinor one-forms have the symmetry properties
ΨAΨB = −ΨBΨA
(
= −1
2
ǫABΨCΨ
C
)
(D.17)
ΨAΓ
aΨB = −ΨBΓaΨA (D.18)
ΨAΓ
abΨB = ΨBΓ
abΨA (D.19)
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the following Fierz-identities follow:
ΨA ∧ΨB = 1
4
(
ΨBΨA + ΓaΨBΓ
aΨA
)− 1
8
ΓabΨBΓ
abΨA (D.20)
ΨA ∧ΨB ∧ΨC ≡ −1
2
ǫBCΞA (D.21)
ΨA ∧ΨB ∧ ΓaΨC = −1
2
ǫBC
(
ΞaA +
1
5
ΓaΞA
)
, ΓaΞ
a
A = 0 (D.22)
ΨA ∧ΨB ∧ ΓabΨC = Ξab(ABC) −
2
3
ǫA(BΓ
[aΞ
b]
C) +
1
5
ǫA(BΓ
abΞC), ΓaΞ
ab
(ABC) = 0(D.23)
so that
ΓaΨA ∧ΨB ∧ ΓaΨB = ΨA ∧ΨB ∧ΨB (D.24)
ΓabΨA ∧ΨB ∧ ΓabΨC = −4 δA(BΨC) ∧ΨL ∧ΨL (D.25)
E. Matching of notations
We have collected in the first table the differences in notation between [13] (GST) and
the present paper (ADS) for the vector and tensor multiplet sector, and in the second the
differences with [18] (CD) for the hypermultiplet sector.
GST ηab Γ
a Γa ǫ
AB hI˜ hI˜ F
I˜
ab φ
x ψA
ADS −ηab iΓa −iΓa −ǫAB 4√6X I˜
√
6
4 XI˜ 2F
I˜
ab φ
x
√
2ψA
GST hI˜x h
x
I˜
a˙I˜ J˜ gxy T
x
yz φI˜xy CI˜ J˜K˜ K
x
yzt λ
xA
ADS −2f I˜x −12gxI˜ 38 aI˜ J˜ 32 gxy −
√
3
2 T
x
yz
1
4 φI˜xy
√
27
8 tI˜J˜K˜ R
x
yzt −i
√
2λxA
CD Cαβ q
u ζα UuAα guv kuI˜ NAα MAαx
ADS −Cαβ qu −iζα −
√
2UuAα 2guv kuI˜ −
1√
2
NAα − 1√
2
MAαx
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